* 
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1. (AMENDED) A [Turing complete] computer implemented 
learning method comprising the steps of: 



executable [function] code ; 

a third instruction that alters machine code pointed 
to by the first instruction; and 

a fourth instruction that executes machine code 
pointed to by the second instruction; and 

(b) controlling the computer to execute the program [to 
perform] which performs the steps of : 

(bl) creating and storing a machine code entity 
including [at least one] a directly executable [function having a 
directly executable branch] instruction in a memor y, said directly 
executable instruction causing the processor to execute, as a next 
instruction, an instruction other than an instruction which 
directly follows said directly executable instruction in the 
entity ; 



alter the entity using an alteration algorithm to include [at least 
one other] a different directly executable [function] instruction ; 



(a) providing a computer with an indirectly executable 
[computer] program including: 

a first instruction that points to and designates 
machine code stored in a memory as data; 

a second instruction that points to and designates 
machine code stored in [the] a memory as [at least one] directly 
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and 

(b7) repeating steps (b3) to (b6) until an end 
criterion is reached. 

2. (AMENDED) A method as in claim 1, in which [the branch] 
said directly executable instruction is a recursive instruction. 

3. (AMENDED) A method as in claim 1, in which [the branch] 
said directly executable instruction is a leaf function call. 

4. (AMENDED) A method as in claim 1, in which [the branch] 
said directly executable instruction is an external function call. 

5. (AMENDED) A method as in claim 1, in which [the branch] 
said directly executable instruction is a subroutine call. 

6. (AMENDED) A method as in claim 1, in which: 

the first instruction points to and designates machine 
code stored in a memory as data by casting a pointer [to the 
entity] thereto as a data pointer; and 

the second instruction points to and designates machine 
code stored in [the] a memory as [a] directly executable [function] 
code by casting [said] a pointer thereto as a function pointer. 

7. (AMENDED) A method as in claim 1, in which: 

[said at least one directly executable function as 
comprises] step (bl) comprises creating the entity as comprising a 
return instruction; and 

step (b6) comprises preventing the return instruction 
from being altered. 

(AMENDED) A method as in claim 1, in which: 

step (bl) comprises creating and storing the entity as 
[an array of functions; 

step (b2) comprises executing the second instruction to 
point to the array; and 

step (b5) comprises executing the first instruction to 
point to the array] including a plurality of routines, at least one 
of which includes a directly executable instruction . 
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^SQ^ (AMENDED) A method as in claim V, in which: 

each [function] routine includes at least one directly 
executable instruction; and 

the [functions] routines can include different numbers of 
directly executable instructions. 

r2s. (AMENDED) A method as in claim JrO, in which the 
[functions] routines have a maximum length. 

rSs (AMENDED) A method as in claim^, in which at least one 
of the [functions includes] routines is a subroutine. 

(AMENDED) A method as in claim 1, in which [said at least 
one function] the entity comprises a subroutine that is called by 
[the branch] said directly executable instruction. 

^3*4^ (AMENDED) A method as in claim 1/ in which [said at least 
one function] the entity comprises a plurality of subroutines that 
can call each other. 

(AMENDED) A method as in claim 1, in which: 
[said at least one function] the entity comprises a main 
[function] routine and a plurality of subroutines which have 
headers respectively; and 

step (bl) comprises initializing the headers such that 
some of^the subroutines cannot call others of the subroutines. 
"3^. (AMENDED) A method as in claim 1, in which: 

[said at least one function] the entity comprises a main 
[function] routine and a subroutine having headers respectively; 
and 

step (bl) comprises initializing the header of the 
subroutine such that it can call itself and thereby perform 
Rec ursion,. 

Vf (AMENDED) A [Turing complete] computer learning system 

comprising: 

a memory [means] for storing an indirectly executable 
computer program including: 

a first instruction that points to and designates 
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machine code stored in [a] the memory as data; 

a second instruction that points to and designates 
machine code stored in the memory as [at least one] directly 
executable [function] machine code ; 

a third instruction that alters machine code pointed 
to by the first instruction; and 

a fourth instruction that executes machine code 
pointed to by the second instruction; and 

[processing means] a processor for executing the program; 
the [processing means] processor , memory [means] and 
program operating in combination for performing the steps of: 

(a) creating and storing a machine code entity 
including [at least one] a directly executable [function having a 
directly executable branch] instruction in the memory [means] , said 
directly executable instruction causing the processor to execute, 
as a next instruction, an instruction other than an instruction 
which directly follows said directly executable instruction in the 
entity ; 

(b) executing the second instruction to point to the 

entity; 

(c) executing the [third] fourth instruction using 
[training] input data to produce a result; 

(d) [processing] evaluating the result using a 
learning algorithm; 

(e) executing the first instruction to point to the 

entity; 

(f) [altering] executing the third instruction to 
alter the entity using an alteration algorithm to include [at least 
one other] a different directly executable [function] instruction ; 
and 

(g) repeating steps (b) to (f) until an end 
criterion is reached. 
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(AMENDED) A system as in claim ifr, in which: 
the first instruction points to and designates machine 
code stored in [a] the memory as data by casting a pointer [to the 
entity] thereto as a data pointer; and 

the second instruction points to and designates machine 
code stored in the memory as [a] directly executable [function] 
code breasting [said] a pointer there^x as a function pointer. 
(AMENDED) A system as in claim\S^, in which: 
[said at least one directly executable function as 
comprises] step (a) comprises creating the entity as comprising a 
return instruction; and 

step [ (b6) ] (f ) comprises preventing the return 
instruction from being altered. ^^hL^ 

(AMENDED) A system as in claifn^S^, in which: 
step [(bl)] (a) comprises creating^and storing the entity 
as [an array of directly executable functions; 

step (b2) comprises executing the second instruction to 
point to the array; and 

step (b5) comprises executing the first instruction to 
point to the array] including a plurality of routines, at least one 
of^whi^h includes a directly executable instruction : 

(AMENDED) A system as in c^^m^^, in which: 
each [function] routine includes at least one directly 
executable instruction; and 

the [functions] routines can include different numbers of 
ectl^ executable instructions. ^^^^p 

^^L^ (AMENDED) A system as in claim^W, in which the 
^functions] routines have a maximum l^nqth^j^J 

bS/^Z&Li (AMENDED) A system as in clairiyrc, in which at least one 
ojE>the^[ functions includes] routines is a subroutine. 

^^^^^ (AMENDED) A system as in claijrt^^^^n which [said at 
least one function] the entity comprises a subroutine that is 
called by [the branch] said directly executable instruction. 
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(AMENDED) A system as in claim .W, in which [said at 
least one function] the entity comprises a plurality of subroutines 
tjaat call each other. ^f^^^C^ 

(AMENDED) A system as in claimv^, in which: 
[said at least one function] the entity comprises a main 
[function] routine and a plurality of subroutines which have 
headers respectively; and 

step [(bl)] (a) comprises initializing the headers such 
that ^Cfflie of the subroutines cannot call others of the subroutines. 
I^jj (AMENDED) A system as in cla?m*^/in which: 

[said at least one function] the entity comprises a main 
[function] routine and a subrout ine having headers respectively; 
and 

step [(bl)] (a) comprises initializing the header of the 
subroutine such that it can call itself and thereby perform 





ecursipn. 

(AMENDED) A system as in claim vS^, in which: 
the memory [means] comprises a main memory and a 
processor memory that is part of the processor; and 

step (a) comprises storing the entity in the processor 

(UNCHANGED) A system as in claim^<i£r, comprising an 
integrated circuit chip, in which the processor and the processor 
ire formed on the chip. 6>^^^ 

(UNCHANGED) A system as in claHn^p, in which at least a 
ppr£ipn^)f the program is stored processor memory 
m^^Sl (AMENDED) A [method] system as in claim^^ in which: 






the processor memory comprises a non-volatile memory 
section; and. 

said at least a portion of the program is stored in the 
on-voj^atil.e memory section. 



I 



'11^ yf^s A method as in claim 1, further comprising the step, 
performed between steps (bl) and (b7) , of: 
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(b8) making a copy of the entity. 

A method as in claim 1, in which said directly executable 
inj|truction comprises a branch instruction. 

J^P^NiL A method as in claim 1, in which said directly executable 
instruction comprises a call instruction. 

A method as in claim 1, in which said directly executable 
instruction comprises a subroutine call instruction. 
JiQ& A method as in claim 1, in which said directly executable 
instruction comprises a jump instruction. 

A method as in claim 1, in which said directly executable 
instruction comprises a conditional jump instruction. 

A method as in claim 1, in which said directly executable 
instruction comprises a f unctionca^l . 
2^2* A method as in claim in >*f which the contents of the 

func^tion^call are learned by executing steps (bl) to (b7) . 
3N( A method as in claLim '^^^^^Tw^ich in which the contents 

of the function call are not learned by executing steps (bl) to 




A method as in claim 1, in which said directly executable 
instruction comprises an external function call. 

"^ft^. A method as in claim l, in which said directly executable 
instruction causes the processor to execute a procedure in which 
the entire state of the processor is not saved before execution of 
the^prpcedure . 

A method as in claim 1, in which said directly executable 




ir^sjirycjtion causes the process 
A method as in claim 




rpcedure are learned bv 

%7 




J; o^ execute a leaf procedure. 
, 3^ in which the contents of the 
uting steps (bl) to (b7) . 
"in which in which the contents 



^ Got ^ r 

A method as in claim 

of the leaf procedure are not learned by executing steps (bl) to 

3^ A method as in claim 1, in which said directly executable 
instruction causes data to be retrieved from the memory. 
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^5^3 A method as in claim l, in which said directly executable 
instruction causes data to be retrieved from the memory using an 
ind^x.^"~ 

3^2«»'^5^^ A method as in claim 1, in which said directly executable 
instruction causes the processor to execute an instruction which 
^prec^des said directly executable instruction. 

^^f^S? ^!d3^*^ A method as in claim 1, in which said directly executable 

instruction comprises a loop instruction. 
^S5f ^5%s^ A method as in claim 1, in which said directly executable 
instruction causes the computer to execute in a recursive manner, 
A method as in claim 1, in which said directly executable 
instruction comprises a list instruction. 
^J^jpw '^^^ A method as in claim 1 # in which said directly executable 
instruction comprises a string instruction. 
4j|^^^^> A method as in claim 1, in which said directly executable 
instruction causes the processor to link the entity to a function 
which is^ external of the entity. 
^j^^S^^^S, A method as in claim 1, in which said directly executable 
instruction comprises a protected division function. 
4*^^ ^^ffcjj A method as in claim 1, in which said directly 

executable instruction is a logarithmic function. 
*f%|P^6S> A method as in claim 1, in which said directly executable 
instruction causes the processor to execute, as a next instruction, 
an instruction other than an instruction which directly follows 
said instruction which directly follows said directly executable 
, insinuation in the entity. 

jrlA A method as in claim 1, in which said directly executable 

J§ instruction causes data to be written to the memory. 
H-M^K * method as in claim i. in which said directly executable 

* I instruction causes data to be written to the memory using an index. 

A method as in claim 1, in which said directly executable 
instruction causes data in the memory to be altered. 
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?A method as in claim 1, in which said directly executable 
instruction a causes data in the memory to be altered using an 
,lndg^ ^ 

!»-^sk> A method as in claim 1, in which said directly executable 
instruction comprises a control transfer instruction. 
A method as in claim 1, in which: 
the entity comprises a main routine and a plurality of 
subroutines; and 

step (bl) comprises creating and storing the entity such 
that some of the subroutines can^o^^all others of the subroutines. 

A method as in claiirr^^T further comprising the step, 
performed between steps (bl) and (b7) , of: 
(b8) making a copy of^ie ^rj£ity. 
system as in claim 
executable instruction comprises^ 

A system as in clai 
executable instruction comprises a 



A 





A system as m claim' 




in which said directly 
anch instruction. 

in which said directly 
1 instruction. 

in which said directly 



executable instruction comprises^a subroutine call instruction. 



3t 



A system as in clair 



in which said directly 



executable instruction comprises a jiimo instruction 



system as m claim 




in which said directly 
executable instruction comprises a conditional jump instruction. 

A" system as m claim^Sb^, in which said directly 
executable instruction comprises a function call. 

A system as in claim '^J', > Srff in which the contents of the 
function call are learned by executing steps (bl) to (b7) . 

A system as in clainw73~', in which in which the contents 
of the function call are not learned by executing steps (bl) to 

{hl) 'rr ^4% 

A system as in claim'^6^ in which said directly 
executable instruction comprises an external function call. 
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A system as in claim in which said directly 

executable instruction causes the processor to execute a procedure 
in which the entire state of the processor is not saved before 
execution of the procedure. t|v^ 

7*8^ A system as in claim*^^^ # in which said directly 
executable instruction causes the processor to execute a leaf 
procedure . 

A system as in claim^^Tlf, pti in which the contents of the 
leaf procedure are learned by executing steps (bl) to (b7) . 

A system as in claim in which in which the contents 



of the leaf procedure are not learned by executing steps (bl) to 
(b7) 

8^ A system as in clainf 7 *!^, in which said directly 

tp* ,b£ retrieved from the memory. 

in which said directly 



executable instruction causes dat 
A system as m clai 




executable instruction causes data to be retrieved from the memory 

claim 



using an index. 

8^. A system as 
executable instruction causes the 



m 




instruction which precedes said dir 
A system as in claim' 




execrable instruction comprises a 
N fe^^ A system as in clai*^ 



executable instruction 



■in 
causes 




the 



recursive manner. 

A system as 



J_ O J_ V 



m 




in which said directly 
processor to execute an 
y executable instruction, 
in which said directly 
instruction. 

in which said directly 
computer to execute in a 



directly 
directly 



in which said 
list instruction. 



executable instruction comprises a^l^st 

A system as in claim J \KT/ in which said 
executable instruction comprises a string instruction. 

tHL A system as in clainr^l^ in which said directly 
executable instruction causes the processor to link the entity to 
a function which is external of the entity. 
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"^"8^ A system as in claim 
executable instruction comprise 

A system as in claim 1 



:utab! 

4^ 





in which said directly 
rotected division function. 

in which said directly 



executable instruction is a logarithmic function. 

A system as m clai^-f^S^T, m which said directly 
executable instruction causes the processor to execute, as a next 
instruction, an instruction other than an instruction which 
directly follows said instruction which directly follows said 
directly executable instruction ^iij^he entity. 

>sfc. A system as in clainfJ^STT, in which said directly 
executable instruction causes dafa^to oe written to the memory. 

^S^r A system as in clairin^k^, in which said directly 
executable instruction causes data, to be written to the memory 
using^an index. hJ^l, f 

A system as in clainf^b^ in which said directly 
executable instruction causes data in the memory to be altered. 

A system as in claim^^^ in which said directly 
executable instruction a causes data in the memory to be altered 
using an index. Js/*? 

A system as in claim^&jf, in which said directly 
executable instruction comprises a control transfer instruction. 

A computer implemented learning method using a digital 
computer which includes a processor and a memory, compri^iilg the 
steps of: ^^^^ 

(a) selecting a directly execut^biginst ruction; 

(b) determining a binary--*rfumber which represents the 
directly executable instruct^erfto the processor; 

(c) selecting^^a location in the memory; 

(d) cre^ferfng a directly executable machine code entity 
which include^uhe binary number; 

v'fe) storing the entity as data in said location; 
(f ) providing an indirectly executable instruction which 
caudes the processor to directly execute machine code stored in 
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said location; 

(g) controlling the processor to process the iiadir^ctly 
executable instruction, resulting in the^paeoeessor directly 
executing the entity as includijja^^he directly executable 
instruction; ^^^^^ 

(h) alterirjg^€he entity as data such that the binary 
number is chancjexl to represent a different directly executable 
machine ccjd^program instruction to the processor; and 

(i) repeating steps (c) to (h) until an end criterion is 



A method as in claim ^9^, further comprising the step, 
performed before step (a), of: 

(j) allocating space in the memory for the entity such 
that said space will remain allocated for a plurality of executions 
of stejps (c) to (h) . p 

*5NJs? A method as in claim in which steps (a) to (e) 

comprise creating and storing the entity as including binary 
numbers representing a plurality of directly executable 
instructions respectfully which are arranged to emulate a tree 
structure. (J)^ 

4$(y. A method as in claim in which some of the directly 

executable instructions are arranged to constitute parenthesis in 
the tree structure . 

A method as in claim S^f 9 in which steps (a) to (e) 
comprise creating and storing the entity as including binary 
numbers representing a plurality of directly executable 
instructions respectively, a group of which is protected from being 
broken apart while performing step (h) . 

A method as in claim Ibft^, in which steps (a) to (e) 
further comprise creating and storing the entity as including 
protection data that indicates boundaries of said group for 
protecting said group from being broken apart. 
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^SQ^ A method as in claim in which steps (a) to (e) 

further comprises storing protection data separate from the entity, 
the protection data indicating boundaries of said group for 
protecting said group from being broken apart. 

A method as in claim 1 iUl, in which step (h) comprises 
performing genetic crossover. 

TT^&^A method as in claim'i&a, in which step (h) comprises 
performing genetic mutation. 

method as in claim in which said directly 

executable instruction causes the processor to execute, as a next 
instruction, an instruction other than an instruction which 
directly follows said directly executable instruction in the 
entity. 

/H ok 

*!tr«^ A method as in claim 1 further comprising the step, 
performed between steps (d) and (h) , of: 

(b8) making a copy of the entity, 
"^t®^ A method as in claim in which said directly 

executable instruction comprises a branch instruction. 

*^H3l^ A method as in claim ^Vt, in which said directly 
executable instruction comprises a call instruction. 

rSrOk. A method as in claim ^^Z, in which said directly 
executable instruction comprises a subroutine call instruction. 

method as in claim^9-7^, in which said directly 
executable instruction comprises a jump instruction. 

method as in claimT^yr, in which said directly 
executable instruction comprises a conditional jump instruction. 

^tS^ A method as in claim^p^", in which said directly 
^executable instruction comprises a function call. 

A method as in claim , >ff in which the contents of the 
function call are learned by executing steps (bl) to (b6) . 

"io^. A method as in claim 3ri3 , in which in which the contents 
of the function call are not learned by executing steps (bl) to 
(b6) . 
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1SL6. A method as in claim -in in which the contents of the 

function call are learned by executing steps (bl) to (b6) . 
JTL it 2- 

rl^. A method as in claim ri3., in which in which the contents 
of the function call are not learned by executing steps (bl) to 
(b6) . ^ 

A method as in claim ^f^ t in which said directly 
executable instruction comprises an external function call. 

method as in claim ^ST, in which said directly 
executable instruction causes the processor to execute a procedure 
in which the entire state of the processor is not saved before 
execution of the procedure. 

method as in claim in which said directly 

executable instruction causes the processor to execute a leaf 
procedure. , ~ 

j^I- A method as in claim ts<) #/ in in which the contents of the 
leaf procedure are learned by executing steps (bl) to (b6) . 

A method as in claim r2£o, in which in which the contents 
of the leaf procedure are not learned by executing steps (bl) to 
(b6) . 

"^3^^ A. method as in claim ^4^, >rl^in which the contents of the 
leaf procedure are learned by. ^xecuting steps (bl) to (b6) . 

A method as in claim TDSsQ, in which in which the contents 
of the leaf procedure are not learned by executing steps (bl) to 
(b6) 

T2^C A method as in claim JW, in which said directly 
executable instruction causes data to be retrieved from the memory. 

<4*i£3 A method as in claim in which said directly 

executable instruction causes data to be retrieved from the memory 
using an index. ; 

^4^2^. A method as in claim^.%-^ in which said directly 
executable instruction causes the processor to execute an 
instruction which precedes said directly executable instruction. 

A method as in claim ^9-77 in which said directly 
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executable instruction comprises a loop instruction. 




A method as in claim^^T^ in which said directly 
executable instruction causes the computer to execute in a 



recursive manner. 



A method as in claim in which said directly 

executable instruction comprises a list instruction. 

method as in claim in which said directly 

execrable instruction comprises a string instruction. 

A method as in claim in which said directly 

executable instruction causes the processor to link the entity to 

a function which is external of the entity. 

^A method as in claim in which said directly 

executable instruction comprises a protected division function. 

^A method as in claim in which said directly 

executable instruction is a logarithmic function. 

method as in claim in which said directly 

executable instruction causes the processor to execute, as a next 

instruction, an instruction other than an instruction which 

directly follows said instruction which directly follows said 

directly executable instruction in the entity. 
A<5 — • qi 
•^k2L§. A method as in claim *<9T, in which said directly 

executable instruction causes data to be written to the memory. 

A method as in claim^^T", in which said directly 

executable instruction causes data to be written to the memory 

using an index. 

""^vt^^/ A method as in claim v <9*T, in which said directly 
executable instruction causes data in the memory to be altered. 

A method as in claim in which said directly 

executable instruction a causes data in the memory to be altered 
using an index. ^ 

^^0^ A method as in claim <5T, in which said directly 
executable instruction comprises a control transfer instruction. 
x44. A method as in claim Jiff 9 in which: 
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step (bl) comprises creating the entity as comprising a 
return instruction; and 

step (b5) comprises preventing the return instruction 
from being altered. 

method as in claim 9^, in which said different 
different directly executable instruction causes the processor to 
execute, as a next instruction, an instruction other than an 
instruction which directly follows said different different 
directly executable instruction in the entity. 

T3^~'A method as in claim^/', in which said different directly 
executable instruction comprises a branch instruction. 

A method as in claimH^T, in which said different directly 



executable instruction comprises a call instruction. 

^ — , — _«*. 



A method as in claim -9^, in which said different directly 

executable instruction comprises a subroutine call instruction. 

method as in claim'^T, in which said different directly 

executable instruction comprises a jump instruction. 
JSC 

x^fflt^ A method as in claim'^, in which said different directly 

executable instruction comprises a conditional jump instruction. 

^fCsL A method as in claim^W] in which said different directly 

executable instruction comprises a function call. 

A method as in clairr?j>Y, in which said different directly 

executable instruction comprises an external function call. 

A method as in claiir^&T", in which said different directly 

executable instruction causes the processor to execute a procedure 

in which the entire state of the processor is not saved before 

execution of the procedure. , 
/Jo ' 

A method as in claim' aT, in which said different directly 

executable instruction causes the processor to execute a leaf 

procedure . 
JiS J 

UrSa. A method as m claim ,9T, m which said different directly 
executable instruction causes data to be retrieved from the memory. 
^^3^ A method as in claim ^T', in which said different directly 
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executable instruction causes data to be retrieved from the memory 
using an index. 

A method as in claim in which said different directly 
executable instruction causes the processor to execute an 
instruction which precedes said different directly executable 
instruction. 

A method as in claim STf 9 in which said different directly 
executable instruction comprises a loop instruction. 

method as in claim 1 in which said different directly 
executable instruction causes the computer to execute in a 
recursive manner. 

TSk^. A method as in clainTi^, in which said different directly 
executable instruction comprises a list instruction. 

A method as in claim in which said different directly 
executable instruction comprises a string instruction. 

A method as in claim'j^f, in which said different directly 
executable instruction causes the processor to link the entity to 
a function which is external of the entity. 

A method as in claim^^Pf, in which said different directly 

executable instruction comprises a protected division function. 
JC?) 4% 

TFSqr. A method as m claim tS^T, in which said directly 
executable instruction is a logarithmic function. 

j$d^ A method as in claim^W^ in which said different directly 
executable instruction causes the processor to execute, as a next 
instruction, an instruction other than an instruction which 
directly follows said instruction which directly follows said 
different directly executable instruction in the entity. 

^tr&^. A method as in claim^^T, in which said different 
directly executable instruction causes data to be written to the 
memory. 

rS^. A method as in claim '97, in which said different 
directly executable instruction causes data to be written to the 
memory using an index. 
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A method as in claim in which said different 

directly executable instruction causes data in the memory to be 
altered. 

A method as in claim ^&f, in which said different 
directly executable instruction a causes data in the memory to be 
altered using an index. 

^TrS^. A method as in claim -97 , in which said different 
directly executable instruction comprises a control transfer 
instruction. 

r&SL^ A method of creating and executing machine code using a 
digital computer which includes a processor and a memory, 
comprising the steps of: 

(a) selecting a directly executable instruction which 
causes the processor to execute, as a next instruction, an 
instruction other than an instruction which directly follows said 
directly executable instruction; 

(b) determining a binary number which represents the 
directly executable instruction to the processor; 

(c) selecting a location in the memory; 

(d) creating a directly executable machine code entity 
which includes the binary number; 

(e) storing the entity as data in said location; 

(f ) providing an indirectly executable instruction which 
causes the processor to directly execute machine code stored in 
said location; and 

(g) controlling the processor to process the indirectly 
executable instruction, resulting in the processor directly 
executing the entity as including the directly executable 
instruction. 

, S^ < A method as in claim i?&8, further comprising the steps, 
performed after step (g) , of: 

(h) copying the entity to produce a copied entity; and 

(i) altering the copied entity as data such that the 
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binary number is changed to represent a different directly 
executable instruction. 

"^"K^^ A method as in claim in which: 

step (d) comprises creating the entity as comprising a 
return instruction; and 

step (i) comprises preventing the return instruction from 
being altered. , -7 

A method as in claim t€B t further comprising the steps, 
performed after step (g) , of: 

(h) copying the entity to produce a copied entity; and 

(i) altering the entity as data such that the binary 
number is changed to represent a different directly executable 
machine code program instruction to the processor. 

nf Ho 

-i^2^ A method as m claim**!*!, in which: 

step (d) comprises creating the entity as comprising a 
return instruction; and 

step (i) comprises preventing the return instruction from 
being altered. .-7 

^£3^. A method as m claim xn which said directly 

executable instruction comprises a branch instruction. 

method as in claim in which said directly 

executable instruction comprises a call instruction. 

method as in claim in which said directly, 

executable instruction comprises a subroutine call instruction. 

A method as in claim in which said directly 

executable instruction comprises a jump instruction. 

method as in claim in which said directly 



executable instruction comprises a conditional jump instruction. 

A method as in claim in which said directly 



executable instruction comprises a function call. 
'72T '77 

*±$3 . A method as in claim TW, in in which the contents of the 
function call are learned by executing steps (a) to (g) . 

A method as in claim Tr9-8, in which in which the contents 



\ 
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of the function call are not learned by executing steps (a) to (g) . 

jt&sL. A method as in claim in which said directly 

executable instruction comprises an external function call. 

method as in claim in which said directly 

executable instruction causes the processor to execute a procedure 
in which the entire state of the processor is not saved before 
execution of the procedure. ^ 

^^§3^ A method as in claim in which said directly 

executable instruction causes the processor to execute a leaf 
procedure . 

TlRL. A method as m claim :fc^3, ytC m which the contents of the 
leaf procedure are learned by ^ecmting steps (a) to (g) . 

"^85^. A method as in claim 1s&3 , in which in which the contents 
of the leaf procedure are not learned by executing steps (a) to 

(g) 'v?r it? 

TbS^. A method as in claim i^lf, in which said directly 
executable instruction causes data to be retrieved from the memory. 

4k. A method as in claim in which said directly 

executable instruction causes data to be retrieved from the memory 
using ^n index. 

A method as in claim in which said directly 

executable instruction causes the processor to execute an 
instruction which precedes said directly executable instruction. 

*f±4£L. A method as in claim in which said directly 

executable instruction comprises a loop instruction. 

T942.. A method as in claim [ in which said directly 

executable instruction causes the computer to execute in a 
recursive manner. 

"TS^. A method as in claim in which said directly 

executable instruction comprises a list instruction. 

A method as in claim in which said directly 



executable instruction comprises a string instruction. 

A method as in claim in which said directly 
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executable instruction causes the processor to link the entity to 
a fun^t^on which is external of the entity. 

A method as in claim ^I^IT, in which said directly 
executable instruction comprises a protected division function. 

r^f. A method as in claim ^Jr6-8^ in which said directly 
executable instruction is a logarithmic function. 

method as in claim '^.ifrST, in which said directly 
executable instruction causes the processor to execute, as a next 
instruction, an instruction other than an instruction which 
directly follows said instruction which directly follows said 
directly executable instruction in the entity. 

•^4^. A method as in claim '^tf, in which said directly 
executable instruction causes data to be written to the memory. 

A method as in claim in which said directly 

executable instruction causes data to be written to the memory 
using an index. 

T$$[. A method as in claim' Jrfrff^ in which said directly 
executable instruction causes data iii the memory to be altered. 

^&QL A method as in claim in which said directly 

executable instruction causes data in the memory to be altered 
using an index. 

A method as in claim ^%G&, in which said directly 
executable instruction comprises a control transfer instruction. 

Turing complete computer implemented learning methp^T 
comprising the steps of: ^^^^ 

(a) providing a Turing complete^Geitiputer with an 
indirectly executable program includijigr^^'^ 

a first instriietlori that points to and designates 
machine code stored ijx-^aTmemory as data; 

^^a^econd instruction that points to and designates 
machine cpde stored in a memory as directly executable code; 

a third instruction that alters machine code pointed 
&o by the first instruction; and 
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a fourth instruction that executes machine coc^ 
pointed to by the second instruction; and 

(b) controlling the computer to execute the^prfogram which 
performs the steps of: 

(bl) creating and storino^a^^ machine code entity 
including a directly executable instpj<5tion in a memory; 

(b2) executing th^second instruction to point to 
the entity; ^< 

(b3) execirlflng the fourth instruction using input 
data to produce a rastilt; 

(>4) evaluating the result; 

(b5) executing the first instruction to point to the 

entity; 

/ (b6) executing the third instruction to alter the 

entixy to include a different directly executable instruction; and 
/ (b7) repeating steps (b3) to (b6) until an end 

-criterion is reached. 

^Q^T^K computer implemented learning method comprising the 
steps of: 

(a) providing a computer with an indirectly executable 
program including: 

a first instruction that points to and designates 
machine code stored in a memory as data; 

a second instruction that points to and designates 
machine code stored in a memory as directly executable code; 

a third instruction that alters machine code pointed 
to by the first instruction; and 

a fourth instruction that executes machine code 
pointed to by the second instruction; and 

(b) controlling the computer to execute the program which 
performs the steps of : 

(bl) creating and storing a machine code entity 
including a directly executable instruction in a memory, said 
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directly executable instruction causing the processor to execute an 
instruction other than a next instruction which directly follows 
said directly executable instruction in the entity; 

(b2) executing the second instruction to point to 

the entity; 

(b3) executing the fourth instruction using input 
data to produce a result; 

(b4) evaluating the result using a learning 

algorithm; 

(b5) making a copy of the entity; 

(b6) executing the first instruction to point to the 
copy of the entity; 

(b7) executing the third instruction to alter the 
copy of the entity using an alteration algorithm to include a 
different directly executable instruction; and 

(b8) repeating steps (b3) to (b7) until an end 
criterion is reached. 



m. 



PLEASE AMEND THE SPECIFICATION AS FOLLOWS 
Page 40, line 10: after "enabling 11 insert -^ routines including 



functions, main routines ,-- 




Page§^4 to T&6 - delate these pages in their^efttirety . 
Page 73, lines 6 to 11: delete the text in its entirety, and 

substitute therefor the following. 

--The following articles were physically included in this 
application as originally filed, and constitute part of the 
4 — original disclosure thereof. 

1. COMPLEXITY COMPRESSION AND EVOLUTION, by Peter Nordin et 
al, Proceedings of the Sixth International Conference of Genetic 
Algorithms, Pittsburg, PA 1995. 

2, GENETIC PROGRAMMING CONTROLLING A MINIATURE ROBOT, by 
Peter Nordin et al, Symposium on Genetic Programming, MIT, Nov. 
1995. 



